Many biobanks have painstakingly collected DNA on thousands of participants,[@bib1], [@bib2], [@bib3], [@bib4], [@bib5] and with the rapidly decreasing costs associated with large-scale genotyping and sequencing, many of these biobanks have, or will likely soon have, genetic data on many thousands of individuals.[@bib6], [@bib7], [@bib8] Recent studies have consistently found that many participants are interested in receiving, and perhaps expecting to receive, their individual genetic research results from studies in which they enroll.[@bib2], [@bib9], [@bib10], [@bib11], [@bib12] One of the major challenges to biobanks is how to return these results to participants in a way that is acceptable to participants and logistically feasible by the biobank. However, there are few reports on the current participant preferences for methods by which they receive individual research results. Wright et al[@bib13] reported that participants approved of their planned methods of returning results scheduling by phone, followed by a face-to-face meeting and a written report. However, they were not presented with other options of receiving results, and, as they reported, there are no established models for giving or receiving multiple genomic-based research results related to various medical conditions as is typically received in thousands of patients with whole-exome/genome sequencing. The traditional method of return of results by a face-to-face meeting with a genetic counselor or other clinical genetic professional is not practical in the setting of multiple results per person for perhaps thousands of participants, especially those not presenting symptoms. In-person clinical appointments, the current standard approach for return of individual genetic research results, is not a scalable method for return of research results in large biobanks. Sukenik-Halevy et al[@bib14] found that the average time for in-person counseling and patient follow-up ranges from approximately 2 to 4 hours. Therefore, for large biobanks, in-person counseling is not feasible and alternative strategies need to be developed. Murphy Bollinger et al[@bib15] presented various choices to 1500 potential biobank participants and found that people were more interested in obtaining a detailed report than having access to someone who would explain the results. However, results among potential participants vs those already enrolled may differ. Thus, we conducted a survey of participants in an existing biobank to query their receptivity for various possible methods of return of results, including use of electronic visits (e-visits, defined as the electronic provision of a written document of genetic test results along with management recommendations). Furthermore, we examined whether acceptability of e-visits is associated with certain patient characteristics, including their underlying level of genetic knowledge.

Patients and Methods {#sec1}
====================

Participants (n=1200) were selected from patients enrolled in the Mayo Clinic Biobank.[@bib5] Briefly, the Biobank includes Mayo Clinic patients older than 18 years who were able to provide informed consent. Patients were asked to complete a baseline health history questionnaire, provide a blood sample, and allow access to medical record data.[@bib5] At the time of this study, approximately 35,000 persons had enrolled.

Participants were stratified by age group (18-30, 31-40, 41-50, 51-60, 61-70, and 71+ years), education (high school or less vs at least some college), and sex. Fifty patients were randomly selected from each of the resulting 24 groups, except for the subgroup of "Males, 18-30 years." Only 40 males in that age group had an education of "High School or less." Therefore, all participants were selected from this group, and 60 were selected from the group of "Males, 18-30 years, at least some college."

The survey instrument was 7 pages long and included questions assessing return of results preferences to specific vignettes, including cystic fibrosis, hereditary breast and ovarian cancer syndrome, and pharmacogenomics. Cystic fibrosis was chosen because it is a recessive disorder that was hypothesized to be of greatest interest to those still in their childbearing years. Hereditary breast and ovarian cancer syndrome was selected because of its dominant inheritance pattern and was hypothesized to be of interest to participants in all age groups. Pharmacogenomics was included because of its broad general appeal and because a new pharmacogenomics project was being planned at the time. Patients were first asked whether they would want to receive results of that type and whether they liked or disliked receiving results by various possible methods (office visit, genetic counselor, and e-visits). For the pharmacogenomics scenario, a pharmacist visit was substituted for the genetic counselor visit, and it also offered an option of receiving results via the Mayo Clinic Online Patient Portal. Overall level of genetic knowledge was assessed by adding the number of correct answers from 7 general genetics questions. The survey was deliberately kept brief to increase response rates and generalizability (see [Supplemental Material](#appsec1){ref-type="sec"}, available online at <http://mcpiqojournal.org/>).

All 1200 participants were mailed an invitation packet that included a cover letter, questionnaire, and return envelope. If no response was received within 30 days, a second identical packet was mailed (n=680). Recruitment was closed after an additional 30 days. All numeric data were verified by double data entry of all numeric data fields.

This protocol and all patient contact materials were approved by the Mayo Clinic Institutional Review Board.

Basic characteristics of patients who responded to the survey and their survey responses were summarized using percentages for all categorical variables. Participants were asked to express the level of acceptability for each option for receiving individual research results using a 4-point scale (dislike it very much, dislike it somewhat, like it somewhat, and like it very much) and were combined into 2 categories: like (like it very much and like it somewhat) and dislike (dislike it very much and dislike it somewhat). The main focus was their level of acceptance of e-visits. Association between acceptance of e-visits and each basic demographic characteristic and the level of genetic knowledge were first tested univariately for each vignette, using Rao-Scott *χ*^*2*^ test, adjusting for the survey sampling weights.[@bib16] Multivariable logistic models were used to identify patient characteristics associated with acceptance of e-visits, simultaneously adjusting for the sampling weights, with variable selection via elastic net approach,[@bib17] which is a penalized regression model that performs well when variables are correlated (eg, education attainment and level of genetic knowledge in this study). The selection of lambda, the shrinkage parameter in the elastic net, was done by repeating 10-fold cross-validation 1000 times. The final multivariable logistic regression models were refitted adjusting for survey sampling weights, using the variables with nonnegligible information from the elastic net approach. Statistical analysis was done in SAS 9.4 (SAS Institute Inc) and R 3.2.3 (R Foundation for Statistical Computing). *P* values of less than .05 were considered statistically significant.

Results {#sec2}
=======

Patient Characteristics {#sec2.1}
-----------------------

Of the 1200 surveys mailed to selected participants from the Mayo Clinic Biobank, 685 (57%) responded, 25 (2%) refused, and the remainder (490 \[43%\]) did not respond in the study period. Compared with those who completed the survey, noncompleters were younger (mean age 46 years among noncompleters vs 55 years among completers; *P*\<.001), less educated (56% of noncompleters had a high school education or less vs 44% of the completers; *P*\<.005), less likely to be white (88% of noncompleters were white vs 96% of completers; *P*\<.001), and less likely to be married or in a marriage-like relationship (62% of noncompleters vs 76% among completers; *P*\<.001). Approximately 50% of respondents correctly answered all questions related to general genetic knowledge.

Preferred Delivery Mode of Return of Results {#sec2.2}
--------------------------------------------

The vast majority of survey respondents were consistently interested in receiving their individual research results regardless of disease type (84%, 86%, and 10% for cystic fibrosis, hereditary breast and ovarian cancer syndrome, and pharmacogenomics, respectively). In all vignettes, the option of receiving these results in the setting of an office visit with a genetic counselor was liked most frequently, with approximately 90% of the participants reporting that they would like receiving disease-related results in that manner. For pharmacogenomic results, participants liked the option of office visits with a pharmacist only slightly more frequently than telephone conferences (81.8% vs 81.1%, respectively). E-visits and use of the patient portal (the latter option was presented for pharmacogenomic results only) were equally appealing across the 3 vignettes. Fifty-eight percent of respondents said they would like (somewhat or very much) receiving results via e-visits or via patient online services (for pharmacogenomics). However, among those reporting that they would like receiving results electronically, most only liked it "somewhat" (60% for cystic fibrosis, 63% for hereditary breast and ovarian cancer syndrome, and 74% for pharmacogenomics) as compared with liking it "very much."

Factors Associated With Liking E-Visits {#sec2.3}
---------------------------------------

Univariately, the Biobank participants who liked e-visits as a method of receiving genetic results across all 3 vignettes did not vary by age but were considerably more likely to have higher education level and better genetic knowledge ([Table 1](#tbl1){ref-type="table"}). Participants who are divorced were less likely to accept e-visits (eg, 59%, 55%, and 42% for liking e-visits for cystic fibrosis for those married, never been married, and divorced, respectively; *P*=.01). Older participants were less likely to accept e-visits for pharmacogenetics test results (65% vs 41% for liking e-visits among those younger than 30 years and older than 70 years, respectively) but not for cystic fibrosis and hereditary breast and ovarian cancer syndrome.Table 1Basic Demographic Characteristics of Mayo Clinic Biobank Participants and Their Preferences on e-Visits for Receiving Individual Research Results Across 3 VignettesCharacteristicOverall cohort (n=685)Cystic fibrosisHereditary breast/ovarian cancer syndromeDrug-related gene testingLike, No. (%[a](#tbl1fna){ref-type="table-fn"})*P* value[b](#tbl1fnb){ref-type="table-fn"}Like, No. (%[a](#tbl1fna){ref-type="table-fn"})*P* value[b](#tbl1fnb){ref-type="table-fn"}Like, No. (%[a](#tbl1fna){ref-type="table-fn"})*P* value[b](#tbl1fnb){ref-type="table-fn"}Age (y), No. (%).98.98.05 \<3068 (9.9)38 (60.3)38 (58.5)42 (64.6) 31-4094 (13.7)52 (63.4)51 (60.7)51 (57.9) 41-50101 (14.7)47 (54.0)47 (51.1)61 (62.9) 51-60136 (19.9)62 (51.2)64 (51.2)77 (59.7) 61-70149 (21.8)67 (55.8)72 (56.3)75 (58.1) Over 70137 (20.0)56 (59.6)53 (54.1)43 (41.3)Sex, No. (%).66.87.14 Male326 (47.6)152 (56.1)147 (53.1)159 (54.6) Female359 (52.4)170 (57.4)178 (56.5)191 (59.5)Race, No. (%).71.20.77 White656 (95.8)307 (56.8)312 (54.8)338 (57.5) Others29 (4.2)15 (57.7)13 (56.5)12 (50.0)Residential location, No. (%).12.30.39 Olmsted County263 (38.4)121 (56.0)128 (55.4)133 (54.5) Other southeastern Minnesota152 (22.2)70 (55.1)67 (51.9)73 (54.1) Other Minnesota93 (13.6)47 (59.5)48 (60.0)56 (70.0) Other United States177 (25.8)84 (57.9)82 (54.0)88 (57.5)Education, No. (%).02.02\<.001 High school or less304 (44.4)117 (48.6)118 (47.4)128 (50.0) At least some college381 (55.6)205 (62.9)207 (60.4)222 (62.4)Marital status, No. (%).01.10.12 Married521 (78.9)256 (58.9)251 (56.2)267 (57.2) Divorced63 (9.6)20 (41.7)23 (44.2)27 (51.9) Never been married76 (11.5)36 (55.4)38 (54.3)40 (56.3)Genetic knowledge, No. (%).03.01.14 All correct (q2_correct)335 (48.9)183 (64.2)178 (61.4)186 (61.2) Some incorrect350 (51.1)139 (49.3)147 (48.7)164 (53.3)[^1][^2]

Multivariable logistic regression models using a variable selection approach via elastic net showed that education level and overall level of genetic knowledge were independently associated with the acceptance of e-visits for receiving research results for cystic fibrosis (odds ratio \[OR\], 1.51; 95% CI, 1.36-1.67 for some college; OR, 1.64; 95% CI, 1.52-1.77 for better genetic knowledge; [Table 2](#tbl2){ref-type="table"}). Similar association results were observed for hereditary breast and ovarian cancer syndrome. For the pharmacogenomics outcome, the level of genetic knowledge was not associated with acceptance of e-visits, whereas higher education level remains important (OR, 2.06; 95% CI, 1.86-2.28; [Table 2](#tbl2){ref-type="table"}). In addition, those not living in proximity to the clinic (eg, outside the Mayo Clinic catchment areas) were more likely to accept e-visits for all 3 vignettes (eg, OR, 1.87; 95% CI, 1.71-2.05 for liking e-visits for cystic fibrosis). However, those older than 70 years were half as likely to accept receiving pharmacogenomics results via e-visit than were those younger than 30 years (OR, 0.46; 95% CI, 0.37-0.57). Participants who were divorced were less likely to accept e-visits for all vignettes ([Table 2](#tbl2){ref-type="table"}).Table 2Participant Characteristics Associated With Liking e-Visits for Receiving Individual Research Results in the Mayo Clinic BiobankCharacteristicCystic fibrosisHereditary breast/ovarian cancer syndromeDrug-related gene testingOdds ratio (95% CI)*P* valueOdds ratio (95% CI)*P* valueOdds ratio (95% CI)*P* valueAge group (y), No. (%)-------- \<30Reference 31-400.93 (0.72-1.18).54 41-500.98 (0.77-1.23).85 51-600.81 (0.65-1.01).06 61-700.97 (0.78-1.21).78 Over 700.46 (0.37-0.57)\<.01Female--------0.69 (0.65-0.75)\<.01Residential location, No. (%) Olmsted CountyReferenceReferenceReference Other Southeast Minnesota0.96 (0.87-1.05).370.8 (0.73-0.88)\<.011 (0.91-1.1).98 Other Minnesota1.24 (1.11-1.37)\<.011.28 (1.15-1.41)\<.011.74 (1.57-1.94)\<.01 Other US1.87 (1.71-2.05)\<.011.39 (1.28-1.52)\<.011.27 (1.16-1.38)\<.01Education, No. (%) High school or lessReferenceReferenceReference At least some college1.51 (1.36-1.67)\<.011.39 (1.26-1.54)\<.012.06 (1.86-2.28)\<.01Marital status, No. (%) MarriedReferenceReferenceReference Divorced0.39 (0.35-0.44)\<.010.53 (0.47-0.59)\<.010.62 (0.55-0.69)\<.01 Never been married0.78 (0.67-0.91)\<.011.05 (0.91-1.21).481.13 (0.96-1.32).13Genetic knowledge, No. (%)---- All correct1.64 (1.52-1.77).011.69 (1.58-1.81)\<.01 Some incorrectReferenceReference[^3]

Discussion {#sec3}
==========

The Mayo Clinic Biobank is a general biobank with many ongoing and proposed research projects that are, or will soon, yield vast quantities of individual research results. We therefore surveyed 1200 of our participants to understand their receptivity toward various models for receiving their genetic test results from our ongoing work.

There is a dearth of models for returning genetic data in a way that is more easily scaled to the current high-volume data than the traditional face-to-face discussion with skilled genetically trained clinicians.[@bib13] We asked patients about their interest in receiving results via multiple possible delivery modes. Although interest was highest for the most personalized setting of the face-to-face office visit, the feasibility is low that we, or any biobank, will be able to staff or bear the costs of returning all future results in this manner in the current age of high-volume data. Although not their preferred mode, participants were relatively open to the possibility of receiving results via an e-visit with a genetic counselor, with half of our participants stating that they would like it somewhat or very much. We found that both the highest level of education achieved and the genetic knowledge of our participants independently influenced the likelihood of participants liking e-visits to receive genetic results.

Interestingly, participants' age impacted the acceptance of e-visits to receive genetic results related to medications (pharmacogenomics) but not those related to disease risk. Persons older than 70 years were less likely than younger persons to favor an e-visit to discuss their pharmacogenomic test results. We hypothesize that this is related to the increased prevalence of polypharmacy in this population. A recent study of national US data found that 39% of persons aged 65 years or older had 5 or more prescriptions in the 30 days before the time of the survey.[@bib18] In recent data from our institution of an analysis of 5 important pharmacogenes (*CYP2D6, CYP2C9, CYP2C19, SLCO1B1\*5*, and *VKORC1*), we found that nearly everyone (99%) was likely to carry at least one actionable variant in one or more of these genes.[@bib19] Therefore, the probability of a person currently taking a medication affected by pharmacogenomic test result is influenced greatest by the number of medications currently taken. Consequently, our data suggest that future pharmacogenomic studies should consider incorporating a more interactive approach, such as a medication therapy management consultation, rather than e-visits, to return results to older age groups (those with the most current prescriptions affected by genetic tests). This older population is most likely covered by Medicare insurance (in the United States), which pays for medication therapy management consultations among those who meet the eligibility criteria. Implicit in this approach is the need to educate pharmacists about pharmacogenomics and its impact on medication management.

E-visits, which were defined in our survey as "a new way to get the opinion of a medical expert.... (in which) genetic tests would be reviewed and management recommendations would be provided," could be thought of as a step between personal interaction with an expert and a simple report on the findings. E-visits build on the growing use of patient portals and electronic communication between physicians and patients that has occurred after the 2014 "Meaningful Use" ruling from the Centers for Medicare & Medicaid Services.[@bib19] Multiple advantages exist for the use of e-visit technologies for return of research results: (1) this technology allows return of "normal" results that do not need additional comments; (2) it allows customization of information so that the physician can tailor results to the patients' interests, returning, for example, only that information that is actionable; (3) it provides patients and physicians with documentation for future reference; and (4) it enhances communication to other members of the care team.

Returning results electronically is not without concern. Otten et al[@bib20] reported that users of telemedicine for online genetic counseling sessions found them to be effective and cost-efficient but were concerned with insufficient verbal communication, despite them being interactive (real-time). Use of e-visits for return of results may suffer from similar problems, especially in more complex cases (ie, patients with clinically important "positive" results) or with patients who are less prepared (ie, older, less "tech-savvy") for use of electronic means to obtain results.

Some limitations of our study should be mentioned. First, although our questionnaire was based on similar questions used in previous studies in similar populations[@bib21] and had a very good response rate in our population, not all the complexities of genetic data could be fully evaluated given limited space available in the survey instrument. For example, we were not able to fully explain the concept of genetic penetrance and that a variant may or may not manifest in a particular person's lifetime. Thus, we do not have a full understanding of our participants' complete knowledge of genetics, nor whether these distinctions would alter their preferences for methods of obtaining their results. Second, our population, although representative of our biobank, cannot be interpreted to represent all patients in our health care system or in other systems. As we reported earlier, our participants are generally better educated than the population in our surrounding communities, with more than 80% having received at least some college education compared with 27% in the surrounding states of Minnesota, Wisconsin, and Iowa.[@bib5]

Conclusion {#sec4}
==========

We found that the use of e-visits for return of individual genetic research results was moderately acceptable with participants of the Biobank. Researchers are faced with a difficult challenge of returning results with a method that is both acceptable to recipients and logistically feasible. Future modalities of return of results may require multiple options for participants.

Supplemental Online Material {#appsec1}
============================
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[^1]: Percentages are calculated on the basis of participants who want to receive individual research findings for each vignette (∼90% of the overall cohort).

[^2]: *P* values are for comparing patients who like to receive research results via e-visit for each vignette for each characteristic compared with those who dislike. Rao-Scott *χ*^*2*^ tests were performed adjusting for the survey sampling schema.

[^3]: Variables having negligible information (estimated through elastic net approach) were marked as "--" and not included in the final multivariable models.
